Aims: This study aims to characterize the SODEA ampelographic collection in Meknès, the only germplasm repository in Morocco. To assess the usefulness of this germplasm, a study was conducted to verify the trueness to type of the genotypes and to provide the first database for a reference collection in Morocco. A core collection was then established to define a small sample easier to handel further characterization.
INTRODUCTION
The evolution of cultivar uses (Bouquet and Boursiquot, 1999) shows, in the last six decades, a drastic reduction of diversity, with the overrepresentation of internationally renewed cultivars such as CabernetSauvignon, Chardonnay and others. This evolution is thus performed to the detriment of the traditional autochthonous cultivars. This will lead to a substantial loss of genetic diversity, called genetic erosion.
In order to limit this genetic erosion, germplasm collections were created throughout the world with the aim to conserve existence of autochthonous diversity.
Contrary to the plants with sexual multiplication for which one seeks to preserve allelic diversity, perennial heterozygous plants with vegetative multiplication such as the grapevine require the conservation of genotypes (Brown, 1995) . The size of collection thus increases proportionally to the number of samples. The perenniality of grape allows the installation of collections in field. Alleweldt and Dettweiler (1994) designate 141 collections of grapevines on a world level, located in 35 countries. Most of these collections take place in Europe (France, Italy, Romania...). However, the management of such collections require space, time and intensive labor. This management can also be rendered more difficult because of synonymies, homonymous or simply errors of identification.
In grape, synonymies are in fact very common (Sefc et al., 2001; Riaz et al., 2004; Montaner et al., 2004; Ortiz et al., 2004; Walker and Lowe 2006; This et al., 2006a) and convergences of names for distinct cultivars (homonyms) also occur because of some peculiar features of the cultivars or because they grow in different regions (This et al., 2006a) . That is a major problem in the management of grapevine germplasm collections (Lopes et al., 1999; Martin et al., 2003) .
In the early 1990, nuclear microsatellite markers were shown to be useful in determining cultivar identity and identifying mistakes Thomas et al., 1994) . Germplasm collections have already been characterised using microsatellite markers (Aradhya et al., 2003; Lopes et al., 1999; Martin et al., 2003; Sefc et al., 2000) thus demonstrating the usefulness of these markers to solve problems of homonymies or synonymies (Sefc et al., 2000; This et al., 2006b) . The markers have also been very useful for analyses of genetic diversity (Aradhya et al., 2003; Lopes et al., 1999; Martin et al., 2003; Sefc et al., 2003) .
Genetic resources stored in gene banks are sampled with a final purpose of evaluating and utilising them efficiently, as well as studying phenotypic and genotypic diversity. Phenotypic analysis can be quite tedious and may require definition of core subsets. The aim in defining core subset is to preserve in the sample as much diversity present in the original collection as possible. The concept of core collections (or core subsets) was introduced to increase the efficiency of characterising and utilising the collections stored in gene banks while preserving the genetic diversity of the collection (Frankel and Brown, 1984; Brown, 1989) .
In Morocco, the only grapevine repository belongs to the SODEA (an agricultural development company located in Meknès). The collection was created by J.P. Vidal in 1952 at the former École Nationale d'Agriculture (now INA) in Meknès. Vidal collected autochthonous vines from different regions, and especially from the Rif region in northern Morocco. The collection was enriched thanks to further prospecting in Morocco, and with foreign cultivars of table and wine grapes to reach 94 accessions.
The transfer of the collection from Meknès to the SODEA took place in 1985. Unfortunately, this transfer was made by workmen of low expertise without scientific supervision. Errors may thus have arisen at the time of transfer: mix up in the wood harvesting, in grafting, installation, use of marcots for further plant replacement, etc.
Accurate identification of the 94 accessions of this collection is thus a preliminary step. Members of the user community typically request germplasm based on traits known to be present in specific species, cultivars, accessions or genotypes (Kresovich and McFerson, 1992; McFerson et al., 1996; Peeters and Galwey, 1988) . In order to identify the exact content of the germplasm collection and the extent of its diversity, we analyse the 94 accessions with 20 nuclear SSR microsatellite markers (Di Vecchi Staraz et al., 2007; Lacombe et al., 2007) .
After correct identification of the cultivars, a core subset of this collection was developed based, on the 20 SSR markers. In order to improve the potential usefulness of this collection, we also analysed some cultural characteristics of the cultivars, on the duplicate present in INRA Vassal grapevine collection, Marseillan, France (http:/www.montpellier.inra.fr/vassal).
MATERIAL AND METHODS

Plant material
The Moroccan grapevine collection located at the SODEA (Meknès, Morocco) was used for this study. The collection contained 94 accessions (mainly Vitis vinifera) represented by 22 plants per accession collected essentially from Northern of Morocco (Table 1) . We defined an accession as one or several grapevine plants under the same denomination and registration number. Molecular characterization was performed on one plant per accession sampled in the field.
Molecular analyses
Young leaves were collected in spring and freeze dried (for 24 hours at 0.370 mbar and -55°C after harvesting). Extraction was performed with a Qiagen DNeasy Plant Mini Kit with minor modifications: addition of 1% w/v of PVP-40 to the AP1 solution, addition of 180 µL AP2 and centrifugation for 10 min at 6,000 rpm.
Microsatellite analyses were performed on 20 microsatellite markers (SSRs) well distributed across the 19 grape chromosomes (Doligez et al., 2006) as previously described (Di Vecchi Staraz et al., 2007; Lacombe et al., 2007) : 2 of the VMC series (VMC1b11, VMC4f3; Vitis Microsatellite Consortium, AdamBlondon et al., 2004) , 9 of the VVI series (VVIv67, VVIn16, VVIp60, VVIp31, VVIv37, VVIq52, VVIb01, VVIn54, VVIn73, Merdinoglu et al., 2005) , 8 of the VVMD series (VVMD28, VVMD27, VVMD21, VVMD25, VVMD32, VVMD7, VVMD24, VVMD5; Bowers et al., 1996 Bowers et al., , 1999 , and VVS2 Thomas et al., 1994) .
Amplifications were performed using a PTC100 (MJ Research) apparatus. Reactions were performed on a mixture (20 µL final volume) containing genomic diluted DNA (10 ng/µl), 2 µL of buffer 10X (Qiagen), 200 µM of deoxynucleoside triphosphate, 2.5 mM/MgCl 2 , 0.08 µL Taq polymerase (Qiagen), 0.32 pM of the unlabelled primer and a variable quantity of the labelled primer depending on the marker.
Amplification conditions included an initial denaturation of 4 min at 95°C followed by 35 cycles of 1 min at 94°C, 1 min at 56°C for all loci (except for locus VMC1b11 and VMC4f3 at 60°C), 2 min at 72°C, with a final extension for 6 min at 72°C. Multiplex were planned with a maximum of three colours, taking into account the size of the amplified fragments and up to seven markers per sequencing run were mixed as previously described by Di Vecchi Staraz et al. (2007) and Lacombe et al. (2007) .
Data analysis
Standard measures of genetic variation, including number of alleles per locus, allele frequencies, observed heterozygosity (Ho), and their standard deviation were calculated using the macro MS® Excel Microsatellite Toolkit elaborated by Park, (2001) . Expected heterozygosity values were computed under the HardyWeinberg hypothesis according to the no-bias model (Nei, 1987) using Genetix 4.05 software (Belkhir et al., 2004) .
We estimated the frequency of null alleles for each locus using the program Micro-Checker (Van Oosterhout et al., 2004) . The Discrimination power D was calculated as follows: Dj= ∑pi (Npi-1)/(N-1) where pi was the frequency of the i-th molecular pattern revealed by primer or locus j, and N was the number of genotypes (Tessier et al., 1999) .
A clustering was built using DARwin v.5.0.156 software (Perrier et al., 2003) and applying the weighted neighbour-joining method to the dissimilarity matrix.
To know the cultivars which represent more diversity and could be used later in the other studies, a core collection starting from the 67 single individuals was established using the MStrat software (Gouesnard et al., 2001) .
Agronomic traits
Eighteen agronomic characters used for descriptions of the cultivars were taken from the data available in the data base of Vassal (http://bioweb.supagro.inra.fr/ collections_vigne/main.php).
RESULTS
Identification of genotypes based on SSR
Because a safety duplicate of the autochthonous cultivars was send to INRA Vassal collection by J.P. Vidal in 1954, molecular data from the SODEA collection was compared to the data available with the same markers on the Vassal collection (Laucou et al., in preparation) . As a first step, the profiles of the 94 accessions were compared to each others: based on a complete concordance of the SSR data, we could differentiate 67 different genotypes among the 94 accessions (Tables 1  and 2 ).
Forty-nine of the genotypes were assigned to only one accession (for example Merlot rouge, genotype 1) whereas 18 genotypes were common to 2 to 6 accessions, for example Sultanine rosée and Delight had the same genotype (8). The most repeated genotype was genotype 24 which corresponds, under different names, to cv. Muscat d'Alexandrie.
The unique profiles were then compared to the 2,853 genotypes of the Vassal collection. Except for five genotypes, the 62 others correspond to genotypes present in the Vassal collection and therefore to identified cultivars ( -Sixteen possible cases of new synonyms which correspond to names of a person or a locality (L).
-Eleven accessions (X) which shared genotypes with an accession in the Vassal collection but had a unique name. Due to the absence of reference, we cannot draw conclusions, but they may represent new synonyms.
e. Fourteen obvious errors (PM), because they shared their genotype with true to type cultivars belonging to the Vassal collection, but bore the name of another cultivar.
The following work will be conducted on the 67 unique genotypes. A total of 202 alleles were obtained using twenty SSR loci on the 67 unique cultivars (Table 3 ). The number of alleles per locus varied from five (locus VVIN73 and VVIq52) to 18 (locus VVIv67) with an average of 10.1 alleles per locus. A total of 429 genotypes were detected, VVIv67 presents the bigger number of genotypes (39) and VVIn73 the lowest number. Observed heterozygosity ranged from 0.32 (VVIn73) to 0.93 (VVIp31) with an average over all loci of 0.76 (Table 3) .
Nuclear SSR polymorphism and structure of diversity
Compared to the expected heterozygosity value, a significant heterozygote deficiency was observed for VVIh54, VVIp60, VVIv37, VVMD25, VVMD32 and VVS2 loci, probably due to a selection effect that would have occurred within a limited gene pool.
The discriminating power of each SSR locus used in this study varied from 0.31 to 0.91 (Table 3 ). The discriminating power variation among loci was due to the number of alleles per locus, and also to alleles frequencies. Locus VVMD5, VVMD28, VVIv37, VVMD27, VVMD32 and VVS2 were more discriminating. The test of null allele carried out on the whole set of genotypes studied did not revealed the presence of any null allele in this population (Table 3) .
A dendrogram was drawn using SSR data for the 67 unique genotypes present in the SODEA collection (figure 1). The clustering distinguished seven welldifferentiated groups (A, B, C, D, E, F corresponds to the seedless cultivars related to cv. Sultanina and to the autochthonous cultivars; Group D corresponds to the autochthonous cultivars; Group F corresponds to a cultivar from Spain. Finally, the cv. Dattier noir in group E was well separated from all the other groups, and the cv. Macabeu and cv. Carignan were bulked into the G group. Based on ampelographic descriptions, groups A and C can be differentiated into two sub groups each (A1, A2) and (C1, C2).
Establishment of the core collection
The core subset was defined by a two-step procedure:
-First redundancy of the collection was analyzed using MSTRAT setting with 10 repeats and 1,000 iterations. The redundancy curve (figure 2 A) allowed to define the optimal size of the core collection. The optimal size would be 17 cultivars representing 89% of the diversity while 100% of diversity could be obtained with 34 cultivars (figure 2 B) .
-The definition of the core collection itself was then performed using 17 or 34 as core size and setting 10 repeats and 1,000 iterations. The best core subsets based on Shannon index were then selected. It leads to two nested core collections of 17 and 34 individuals respectively. The content of both cores is presented in table 4. The smallest core includes five autochthonous cultivars, while the largest core collection, nine (Table 4) .
Agronomics traits
The complete data for the 16 cultivars present in Vassal are given in table 5 (data not available for the two unique cultivars). The sixteen cultivars can be differentiated into three groups:
-Nine cultivars present medium berries (weight between 3.4 g and 4.9 g) and medium bunches (weight between 141 g and 1,015 g).
-Six cultivars present bigger berries (weight between 5 g and 7 g) and bunches (weight between 298 g and 1,205 g).
-Three cultivars with double use (table and wine).
For the shoot attitude, the cultivars are divided in four groups: semi-erect to erect (1 cultivar), semi-erect (9 cultivars), semi-erect to horizontal (5 cultivars), horizontal (1 cultivar).
DISCUSSION
This work analyses the content of the SODEA collection, the only grapevine germplasm collection in Morocco and assesses the usefulness of the collection in terms of genetic resources for future uses such as selection or reinstallation in local vineyards.
I -Identification of the cultivars
The first step was to identify the cultivars present in the collection. To correctly identify genotypes, we compared their profiles with the profiles of cultivars belonging to the Vassal collection, an internationally recognized collection for trueness to type and because most of the autochthonous cultivars were send to Vassal as safety duplicates. Among the 94 accessions analysed, we identified 67 different genotypes with the 20 SSR which correspond without any doubt to different cultivars.
As often observed in collections, some samples were mislabelled or simply unidentified. Our analyses have enabled identification of all the samples except for five cultivars: cv. Hybrid blanc, cv. Aserghine 1, cv. Aserghine 2, cv. Aramon faux SODEA and cv. Muscat Among the 62 other genotypes, we identified several cases of spelling and translation errors and thus the accession name can be modified using the prime names. Many synonyms were also confirmed by molecular analysis as well as new synonyms.
Few real errors were encountered (14). These were probably due to errors made at the time of the installation of this collection (mislabelling of cuttings, errors in plantation, loss of identification plates, etc.) or during maintenance (errors in replanting, cuttings of wrong accessions, etc.) due to the absence of scientific supervision.
Based on the SSR profiles and the geographical origin of the accessions, we identified 18 cultivars of autochthonous origin in the SODEA collection. The diversity of these 18 autochthonous cultivars was compared to that of Vassal collection (El Oualkadi et al., submitted) .
Level of diversity in the collections
The study of the diversity of SODEA was important to understand which diversity is present in this collection and should be conserved for later reference collection. The number of alleles detected (202 alleles with a mean equal to 10.1/locus) was higher compared to the 6.3 alleles on average in random samples of 13 individuals from European regions (Sefc et al., 2000) . Aradhya et al. (2003) did not detect more than an average of 6.9 alleles in groups of up to 20 accessions. Similar results were obtained by Bowers et al. (1999) on 380 cultivars (11alleles/locus) and by Sefc et al. (2000) on 164 cultivars (9.8 alleles/locus).
Expected heterozygosity (gene diversity) levels of the studied loci ranged from 0.31 (locus VVIn73) to 0.90 (locus VMC4f3). The lowest observed heterozygosity was detected at VVIn73 locus with 0.32 and the highest one at VVMD28 and VVIp31 with 0.93. We found that the observed proportions of heterozygous individuals (observed heterozygosities) were significantly (p<0.05) lower than the expected ones at 9 out of 20 microsatellites loci.
The dendogram based on SSR markers has enabled the definition of six groups which were furthers subdivided into nine clusters when adding ampelographic data. This structuration reflects either the geographical origin of the cultivars (group B and group E) or the genetic proximity to either Sultanina group C2 or to Muscat cultivars (group A1), or table cultivars (group A2). The autochthonous cultivars were separated into two distinct groups, C1 and D. The C1 group containing mainly cultivars from southern Morocco (Atlas region) and the group D comprising germplasm from northern Morocco (Rif region).
As revealed by their agronomical features, the cultivars present in the collection represent either table grape or wine grape with quite diverse features, especially a very variable precocity and berry or bunch size which could enable the Moroccan growers to propose quite diverse production.
Construction of the core collections
Two core collections were build (the optimal one and the one representing 100% of the diversity) following Le Cunff et al. (2008) , in order to define sample easier to manage, and in order to define a working subset on which to start more defined analyses, such as stress resistance or precise agronomical or technological traits. A small number of 17 cultivars enabled the capture of 89% of the diversity and 34 cultivars was enough to capture 100% of the diversity. There were five or nine autochthonous cultivars in the 17 and 34 member core samples, respectively, in accordance with the high level of diversity among autochthonous cultivars previously observed (El Oualkadi et al., submitted) .
The comparison with other models is not easy, as they have different biological characteristics. The original collection did not reach the same global diversity of the species, and the analyses are seldom performed in the same way. Nevertheless, the core collections developed for A. thaliana (McKhann et al., 2004) or M. truncatula (Elwood et al., 2006) using the same method have required higher percentages of individuals. The same capture was obtained using bigger samples, since Vassal collection contains more cultivars (Le Cunff et al., 2008) .
Our result shows that the characterisation of germplasm collections by means of microsatellites is very useful in the management and the identification of cultivars. Now this collection can be suggested as the unique reference of grapevines in Morocco.
In spite of the diversity already revealed in the SODEA collection, it may represent only a part of the grape diversity present in Morocco. Additional prospection could enrich the collection to build a representative collection in Morocco (El Oualkadi et al., in preparation) .
CONCLUSION
The present study provides the first molecular database for Moroccan grapevine germplasm management. The SODEA collection thus contains 67 cultivars (23 wine cultivars, 35 table cultivars and 5 with double use), 18 of autochthonous origin, and 47 of foreign origin. The germplasm have displayed diverse plant materials and appears to represent a major component of the Moroccan grapevine genetic resources and the unique reference collection for grapevines in Morocco. Future collection and introductions must include molecular analysis in order to optimise the genetic diversity of the germplasm and to avoid duplications observed in the present collection. The diversity revealed in our study has confirmed the interest of the collection and should consequently ensure its durability and its use by the producers.
